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ABSTRACT 

Brake  fading  and  thermo -elastic  deformation  of  brake  rotor  is  frequently  found  problem  in  custom  made  rotors. 
During  braking  phase,  kinetic  energy  of  vehicle  is  converted  into  mechanical  energy.  These  high  frictional  forces  lead  to 
higher  frictional  heat  being  developed.  This  heat  increases  the  rotor  temperature.  Due  to  combined  effect  of  mechanical 
forces  and  temperature  rise,  the  rotor  deforms.  This  problem  is  very  severe  in  All  Terrain  Vehicles  (ATVs).  To  avoid  this 
problem,  pre-manufacturing  analysis  of  rotor  is  must.  In  this  study,  rotor  was  analysed  for  mechanical  forces  acting  on  it 
and  heat  generated  due  to  friction  between  caliper  pads  and  rotor  surface.  Brake  rotor  dimensions  can  be  optimized  for 
strength  with  reduction  in  weight.  CFD  analysis  of  rotor  should  also  be  done  for  exact  value  of  film  coefficient  of 
convective  heat  transfer.  Rotor  under  study  was  modelled,  analysed  and  optimized  in  ANSYS  Workbench  14.0  software 
package.  Rotor  dimensions  were  selected  from  42  possible  combinations  of  rotor  diameter  and  thickness  within  allowable 
ranges.  This  sequential  approach  was  adopted  for  rotor  design  of  B  AJA  vehicle  and  proved  to  be  effective. 
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INTRODUCTION 

Moving  vehicle  possess  kinetic  energy  whose  value  depends  on  the  mass  and  velocity  of  the  vehicle.  Therefore,  it 
is  the  function  of  the  braking  system  to  convert  the  kinetic  energy  possessed  by  the  vehicle  in  heat  energy  by  means  of 
friction.  This  heat  energy  must  be  partially  or  totally  dissipated  when  the  driver  applies  brakes  to  slowdown  the  vehicle  or 
bring  it  to  standstill  in  case  of  emergency.  In  designing  of  braking  circuit  of  vehicle  the  main  criteria  to  be  considered  is 
Braking  Torque  Generated  should  be  more  than  Braking  Torque  Required.  Due  to  higher  requirement  of  braking  torque 
large  amount  of  forces  are  applied.  These  forces  tend  to  develop  bodily  stresses  in  rotor.  Also  due  to  high  frictional  forces 
between  caliper  pad  and  rotor  surface,  large  amount  of  heat  is  generated.  This  higher  heat  raises  the  surface  temperature  of 
rotor.  Due  to  high  temperature  brakes  may  fade  or  there  may  be  thermo -elastic  deformation  of  rotor  surface.  Owing  to  the 
above  mentioned  points  a  need  of  analysis  and  optimization  develops.  And  all  these  procedures  help  in  designing  an 
optimum  system. 

Rotor  designed  in  this  study  was  custom  made  for  an  ATV  made  for  a  competition  called  BAJA.  BAJA  is  an 
annual  event  held  by  Society  of  Automotive  Engineers  (SAE).  And  when  any  part  is  custom  made  like  the  brake  rotor  it 
becomes  mandatory  for  a  designer  to  check  its  reliability  in  high  temperature  working  so  as  to  select  the  best  possible 
material  and  heat  treatment  processes.  In  race  car  vehicle  dynamics  unsprung  mass  and  inertia  of  rotating  components  play 
an  important  role.  For  any  vehicle  to  accelerate  better  it  is  always  recommended  to  keep  the  mass  of  the  vehicle  as  low  as 
possible  so  it  becomes  the  prime  task  of  the  engineer  to  come  up  with  a  compromise  between  strength,  reliability  and 
weight  which  has  let  them  explore  the  field  of  optimisation  in  more  detail. 
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PREREQUISITES 

The  example  discussed  hereafter  is  an  All  Terrain  Vehicle  which  is  specially  made  for  BAJA  competition  and 
there  are  some  pre-defined  terms  selected  as  per  the  rules  and  regulations  stated  by  SAE  or  are  the  thumb  rules  followed  by 
professionals.  Some  vehicle  specification  values  required  for  further  calculations  are  given  below. 

Gross  Vehicle  Weight:  280  kg 

Static  Weight  Distribution:  40:60 

Average  Vehicle  Velocity:  60km/hr 

Height  of  Centre  of  Gravity:  18.75  inches 

Wheel  Base:  60  inches 

Tyre  Outer  Diameter:  23  inches 

Stopping  Distance 

Stopping  distance  is  the  distance  covered  by  the  vehicle  from  the  point  when  the  driver  actually  presses  the  brake 
pedal  till  it  comes  to  full-stop.  Taking  into  consideration  the  event  regulations  to  achieve  all  wheel  lock  in  minimum 
possible  distance  and  safe  deceleration  value,  the  stopping  distance  is  decided  to  keep  within  maximum  of  10  meters. 

Stopping  Time 

It  is  the  time  span  required  for  vehicle  to  stop  after  application  of  force.  It  can  be  calculated  by  equation  below. 

ch.      ■     4.-      s+\     Stopping  distant* 

Stopping  time  ft  J  =  — — — 2  

v  J         velocity  ^ 

Dynamic  Weight  Transfer 

When  a  vehicle  travelling  with  certain  speed  is  suddenly  stopped  the  front  suspension  goes  into  jounce  whereas 
rear  spring  experiences  re-bound.  This  happens  because  some  part  of  the  rear  axle  weight  gets  transferred  to  the  front  axle 
and  this  is  called  dynamic  weight  transfer.  Dynamic  weight  transfer  value  in  any  vehicle  during  the  worst  occurring 
condition  is  so  selected  that  the  vehicle  should  remain  stable  without  losing  the  ground  contact  to  safeguard  the  passengers. 
In  order  to  imply  with  above  mentioned  condition,  dynamic  weight  transfer  value  is  limited  to  less  than  the  static  weight 
acting  at  the  rear  axle  so  that  the  rear  wheels  does  not  lose  the  ground  contact.  This  value  of  dynamic  weight  transferred 
(Wt)  due  to  braking  can  be  calculated  by  equation  2. 

k  »  M  » g 

(2) 

Where, 

h       =  Height  of  C.  G.  From  ground  in  meters 
M      =  Mass  of  vehicle  in  kg 

g       =  Deceleration  in  terms  of  'g'  =  Deceleration  /  9.81 
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wb     =  Wheel  base  in  meters 

Weight  distribution  of  vehicle  varies  after  dynamic  weight  transfer.  And  can  be  calculated  by  equation  3. 

\Yfri  =  Static  weight  +  Dynamic  weight  transferred 
Wr9ar  Static  weight  -  Dynamic  weight  transferred 

Total  Clamping  Force  on  Rotor 


(3) 


It  is  the  actual  force  which  clamps  rotor  in  order  to  decelerate  the  vehicle.  While  calculating  total  clamping  force, 
mechanical  leverage  and  hydraulic  leverage  must  be  considered.  Mechanical  leverage  is  a  force  multiplier  which  varies 
according  to  pedal  design.  And  hydraulic  leverage  is  obtained  due  to  area  ratio  of  caliper  pistons  to  master  cylinder  bore. 
Total  clamping  force  applied  on  rotor  by  braking  system  is  given  by  equation  4. 


Total  Clamping  Force  =  Force  applied  by  driver  x  Mechanical  Leverage  x  Hydraulic  Leverage  x  2 


(4) 


After  calculating  all  these  parameters  and  iterating  with  some  suitable  caliper  and  master  cylinder  dimension, 
rotor  designing  can  be  started.  For  getting  optimum  values  of  these  parameters  numerous  iterations  were  performed. 

DISC  BRAKE  ROTOR 

The  job  of  brake  rotor  or  disc  is  to  provide  a  smooth  braking  surface  for  the  pads  to  contact.  When  force  is  applied 
on  the  pedal  it  consequently  creates  pressure  at  the  end  of  caliper  and  pads  are  pressed  against  the  rotor  surface.  When  the 
pads  contact  the  spinning  rotor,  the  resulting  friction  slows  the  rotor  and  stops  wheel  rotation.  Much  of  the  resulting 
frictional  heat  is  absorbed  and  dissipated  by  the  rotor.  There  are  two  basic  types  of  rotor-  solid  rotor  and  ventilated  rotor. 
Solid  rotor  is  one  with  no  gap  between  machined  surfaces.  So  the  rotor  is  cooled  by  air  passage  over  the  outside  surface  of 
the  rotor.  Solid  rotors  are  small  in  size  and  helps  in  weight  reduction  of  system.  Whereas  ventilated  rotors  have  internal 
fins  between  the  two  friction  surfaces.  As  the  rotor  spins,  the  fins  draw  air  into  the  centre  of  the  rotor  due  to  impeller  effect, 
and  discharge  it  from  the  edges.  This  extra  circulation  of  air  helps  in  rapid  cooling  of  the  rotor. 

Martensitic  stainless  steel  grades  are  preferred  for  solid  brake  rotors  for  their  good  corrosion  resistance,  high 
strength  and  hardness.  In  this  study,  SS410  grade  of  stainless  steel  is  considered  for  rotor.  Figure  1  below  shows  the 
stepwise  procedure  for  rotor  analysis  in  ANSYS  Workbench  software  interface. 


Ft «f  string  CAD  model 
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Figure  1:  Rotor  Analysis  Procedure 
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DECIDING  DIMENSIONS  OF  ROTOR 

Deciding  dimensions  of  rotor  is  an  important  aspect  of  rotor  design  as  it  depends  on  various  other  factors.  Factors 
contributing  to  rotor  design  depend  on  vehicle  parameters  as  well  as  other  vehicle  components  and  wheel  assembly. 
Factors  to  be  considered  in  designing  of  rotor  for  an  ATV  are-  torque  required  for  stopping  the  vehicle,  gap  between  two 
pads  of  caliper  as  calipers  are  OEM  products  and  maximum  allowable  diameter  of  rotor  according  to  wheel  assembly  for 
fixed  wheel  rim  dimensions.  For  calculating  diameter  of  rotor,  torque  required  for  stopping  the  vehicle  should  be  calculated 
first.  Torque  required  can  be  calculated  by  using  following  equations. 

HQ  D 
h  =  —  *  -  *  g 

1     2  (5) 

Where, 

Tr         =  Torque  required  to  be  generated  by  rotor 

Wj±        =  Total  weight  on  the  wheel  considering  dynamic  weight  transfer 

D  =  Diameter  of  tire 

g  =  Max.  Deceleration  in  terms  of  'g' 

From  this  obtained  torque,  we  can  calculate  rotor  diameter  by  simply  dividing  it  with  rotor  effective  radius. 
Another  important  parameter  as  stated  earlier  is  inner  diameter  of  wheel-rim.  The  rotor  and  caliper  assembly  should  not 
interfere  with  the  rim  when  assembled.  Next  parameter  in  rotor  design  is  thickness  of  the  rotor.  Every  caliper  has  some 
minimum  thickness  for  the  rotor  used  with  it.  And  also  gap  between  two  caliper  pads  is  restricted  to  some  maximum  value 
when  they  are  not  worn.  In  our  case  this  minimum  thickness  was  3.5mm  and  maximum  was  4  mm.  This  value  can  be 
simply  measured  on  caliper  or  provided  by  manufacturer  in  catalogue. 

PREPARING  CAD  MODEL 

Once  the  diameter  and  thickness  of  rotor  is  decided,  next  step  is  to  model  the  rotor  in  any  modelling  software  or 
ANSYS  Design  modeller.  But  for  optimization  of  rotor  parameters  like  outer  diameter  and  thickness  in  ANSYS,  we  need 
to  model  it  in  ANSYS  only.  As  rotor  thickness  can  be  varied  from  its  minimum  limit  to  maximum  limit,  model  it 
considering  any  value  between  these  two  bounds.  For  Computational  Fluid  Dynamics  (CFD)  analysis  another  model  is  to 
be  created  representing  the  boundaries  of  fluid  over  the  rotor.  Figure  2  shows  model  of  rotor  considered  under  study. 


Figure  2:  Rotor  Model  Figure  3:  Imprinted  Surfaces 

For  structural  analysis,  caliper  pad  surfaces  in  contact  with  rotor  should  be  imprinted  on  both  sides  of  the  rotor. 
Forces  for  static  structural  analysis  are  applied  on  these  surfaces.  In  case  of  thermal  analysis,  ring  surfaces  with  radial 
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width  equal  to  caliper  pad  width  should  be  imprinted  on  rotor.  These  are  the  areas  of  rotor  which  are  whipped  by  caliper 
pads  when  in  contact.  Figure  3  above  shows  surface  imprinted  for  structural  analysis  on  left  and  surface  imprinted  for 
thermal  analysis  on  right  side.  For  CFD  analysis,  fluid  domain  should  also  be  modelled.  In  case  when  using  software 
package  other  than  ANSYS,  file  should  be  imported  in.  STEP  or  IGES  format  in  ANSYS  Design  modeller.  Surfaces  for 
application  of  forces  and  flux  as  explained  above  should  be  imprinted  once  it  is  imported  in  ANSYS. 

STRUCTURAL  ANALYSIS  OF  ROTOR 

Rotor  is  subjected  to  physical  stresses  due  clamping  force  by  caliper  and  wheel  torque.  This  leads  to  deformation 
of  rotor.  Rotors  are  elements  which  require  higher  strength  and  they  should  not  deform.  Deformed  rotor  leads  to  failure  of 
braking  system  and  locks  the  wheel  rotation  in  some  cases.  To  avoid  this  rotor  should  be  tested  for  its  structural  strength. 
This  analysis  is  done  in  ANSYS  Workbench  for  meshing  as  well  as  solving.  Select  'Static  Structural'  analysis  system  in 
workbench  interface.  This  analysis  consists  of  following  step  by  step  procedures. 

•  Loading  Conditions 

Rotor  is  subjected  to  two  loads  clamping  due  to  caliper  and  frictional  due  to  wheel  rotation  at  pad  and  rotor 
interface.  Clamping  force  applied  by  caliper  pistons  is  normal  to  the  rotor  surfaces  and  applied  from  both  sides  in  case  of 
fixed  as  well  as  floating  type  caliper.  Total  clamping  force  by  caliper  can  be  calculated  by  equation  6.  Magnitude  of  force 
(Fx)  acting  on  rotor  is  given  as: 

(6) 

This  force  is  applied  on  surface  imprinted  on  rotor  surface  as  shown  in  figure  4,  on  one  side  and  same  force  is 
applied  at  surface  on  opposite  side  of  rotor.  Another  forces  acting  on  rotor  are  due  to  friction  at  the  caliper  pad  and  rotor 
interface.  Frictional  force  depends  on  the  normal  force  to  rotor  i.e.  clamping  force  and  coefficient  of  friction  between  rotor 
and  pad.  This  force  is  tangential  to  the  rotor  surface.  Same  magnitude  of  force  is  applied  on  other  side  of  rotor  too. 
Frictional  force  is  given  as: 

Ff=p  x  Fx 

(7) 

Where, 

u  =  Coefficient  of  friction  between  rotor  and  pad  interface  (0.35  in  this  case). 

•  Meshing 

ANSYS  automatically  generates  a  mesh  from  geometry.  The  mesh  is  generated  using  1mm  element  size  and 
Tetrahedron  element  type.  Mesh  quality  is  further  improved  by  using  proximity  and  curvature  function.  This  improves 
mesh  density  where  curvature  is  small  or  edges  are  close  in  proximity.  Skewness  factor  for  meshed  model  was  0.9105. 
Rotor  mesh  consists  of  448817  nodes  and  284944  elements.  Figure  5  shows  meshed  model  of  rotor. 
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Figure  4:  Clamping  Force  on  Rotor  Figure  5:  Meshed  Model  of  Rotor 

•  Constraints 

Only  physical  constrain  in  this  analysis  is  the  bolt  contact  surface.  Fixed  support  is  applied  at  the  bolt  rotor 
contact  surface.  This  makes  holes  for  rotor  bolts  fix  irrespective  of  forces  acting  on  the  rotor.  After  selecting  required 
solutions  and  solving  the  case,  results  are  obtained  as  shown  in  figure  7. 

THERMAL  ANALYSIS  OF  ROTOR 

When  brakes  are  applied  rotor  temperature  raises  due  to  absorption  of  kinetic  energy  of  vehicle.  During  stop 
braking,  temperature  is  not  stabilized  in  rotor  due  to  very  less  time  available.  Therefore  transient  analysis  of  rotor  is 
required.  In  this  study  vehicle  comes  to  rest  from  average  velocity  of  45  km/hr.  Energy  input  for  rotor  application  is  in 
terms  of  heat  flux.  Heat  flux  (Q)  can  be  calculated  by  using  equation  8. 

(8) 

Where, 


M  =  Mass  of  vehicle  in  kg 

F  =  Vehicle  speed  in  m/s 

£  =  Moment  of  inertia  of  rotating  parts  in  kg*m 

*tf  =  Angular  velocity  in  radian/s 

jAff  =  Area  of  rotor  swept  by  caliper  pads  in  m2 

At  =  Stopping  time  in  seconds 


Thermal  conductivity  for  the  pad  material  is  very  small  as  compared  to  thermal  conductivity  of  rotor.  So  it  is 
neglected.  For  heat  transfer  analysis  by  convection,  heat  transfer  coefficient  or  film  coefficient  is  required  to  be  calculated 
before.  Heat  transferred  by  radiation  is  negligible. 

Determination  of  Heat  Transfer  Coefficient  (k) 

When  brakes  are  applied,  heat  is  absorbed  by  the  rotor.  Rotor  dissipates  this  heat  to  air  by  convection  heat  transfer 
mode.  For  precise  determination  of  temperature,  exact  value  of  heat  transfer  coefficient  (ft.)  should  be  calculated. 
This  value  depends  on  braking  system,  vehicle  speed,  rotor  speed  and  thermal  properties  of  rotor  material. 
Exact  calculation  of  'ft-'  is  tedious.  So  for  determination  of  its  exact  value  CFD  analysis  of  rotor  is  required.  CFD  analysis 
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was  carried  in  ANSYS  Fluent.  For  CFD  analysis  air  domain  is  created  around  the  rotor.  And  rotor  is  sliced  from  air 
domain.  Model  is  then  meshed  by  adding  inflation  layer  to  air  domain  and  some  surface  to  disc  surfaces.  Meshing  should 
be  refined  to  get  skewness  factor  below  0.98.  Otherwise  there  will  be  error  in  converging  the  solution.  All  other  air 
properties  and  material  properties  are  updated.  Analysis  is  done  considering  laminar  flow  of  air  with  velocity  equal  to 
vehicle  velocity  and  energy  input  to  rotor  in  terms  of  heat  flux.  Inlet  of  air  is  velocity  inlet  with  16.67  m/s  velocity. 
And  outlet  of  air  domain  is  pressure  outlet  at  atmospheric  pressure.  After  verification  of  model  and  boundary  conditions, 
we  run  the  calculations.  Iterations  should  be  performed  till  the  solutions  converge.  Various  contours  for  surface  heat  flux, 
temperature  distribution  and  heat  transfer  coefficients  can  be  obtained.  Figure  10,  shows  the  temperature  distribution  over 
rotor  surface  in  ANSYS  Fluent. 

Determination  of  Rotor  Temperature 

Temperature  of  rotor  is  simulated  considering  single  stop  temperature  rise.  Model  is  meshed  using  tetrahedron 
element  with  proximity  and  curvature  functions.  Vehicle  is  assumed  to  retard  from  initial  velocity  of  16.67  m/s  to 
0  m/s.  Heat  input  to  the  rotor  is  given  in  form  of  heat  flux.  Heat  flux  can  be  calculated  by  equation  (8).  This  heat  flux  is 
applied  on  real  area  of  contact  between  rotor  and  caliper  pads.  As  shown  on  right  side  in  figure  3.  Heat  transfer  modes  are 
convection  and  radiation.  All  the  disc  surfaces  including  edges  are  selected  for  convection  and  radiation.  Value  for  film 
heat  transfer  coefficient  is  obtained  from  CFD  analysis  as  explained  above.  All  the  boundary  conditions  are  introduced  to 
transient  thermal  analysis  in  ANSYS  Workbench.  Other  analysis  settings  are  as  follow: 

Initial  temperature  of  rotor  =  30  °C 

Total  time  of  simulation  =  3  s. 

Minimum  time  step  =  0.01  s. 

Maximum  time  step  =  0.1  s. 

From  this  analysis  temperature  distribution  along  the  rotor  surface  can  be  obtained.  Distribution  along  the  rotor 
thickness  can  also  be  observed  by  this  analysis.  Figure  8,  shows  temperature  distribution  over  the  rotor  surface  when 
brakes  are  applied  suddenly. 

OPTIMIZATION 

Optimization  is  the  act  of  obtaining  the  best  results  under  given  circumstances.  In  design  of  any  engineering 
system,  engineers  have  to  take  many  technological  and  managerial  decisions  at  several  stages.  Optimization  can  also  be 
defined  as  process  of  finding  the  conditions  that  give  maximum  or  minimum  values  of  a  function.  Here  in  this  case  we  are 
using  parametric  optimization  method.  For  every  optimization  there  are  system  optimization  variables.  These  are  the 

design  variables  which  are  independent  quantities  varying  during  optimization,  in  this  case  these  are  thickness  (£)  and  outer 
diameter  (OD).  They  are  constrained  to  have  upper  and  lower  bounds  as  explained  before.  Here, 

3.5  mm  <  t  >  4  mm 

170  mm  £  OD  >  200  mm 

For  this  study  we  have  used  ANSYS  Optimization  tool.  ANSYS  Design  Exploration  is  a  design  optimization 
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application  under  ANSYS  Workbench  environment.  Design  Exploration  is  based  on  Design  of  Experiments.  This  together 
with  various  optimization  methods  help  the  program  to  develop  an  optimized  structure  based  on  selected  input  and  output 
parameters.  After  setting  up  an  analysis  with  a  number  of  input  (from  CAD  system)  and  output  parameters  (from  ANSYS 
Mechanical  results)  there  are  steps  that  are  to  be  run  for  final  optimization. 

•  Design  of  Experiments 

•  Response  Surface 

•  Optimization 

Various  input  and  output  parameters  are  shown  in  table  1 . 


Table  1:  Parameters  for  Optimization 


Input 

Parameters 

Output  Parameters 

Thermal  Analysis 

Structural  Analysis 

Thickness 

Temperature 

Safety  Factor 

Outer  Diameter 

Total  Deformation 

Design  of  Experiment  generates  the  table  of  output  parameters  at  equal  interval  of  the  input  parameters.  Advanced 
function  like  using  manufacturable  values.  Calculated  Design  of  Experiments  table  for  the  rotor  is  as  given  in  table  2. 


Table  2:  Design  of  Experiments 


OD(mm) 

Thickness 
(mm) 

Temperature 

(°C) 

Safety 
Factor  Min. 

185 

3.75 

110.67 

1.21 

170 

3.75 

119.47 

1.04 

200 

3.75 

106.51 

1.34 

185 

3.5 

112.63 

1.16 

185 

4 

108.64 

1.3 

170 

3.5 

121.83 

1.01 

200 

3.5 

108.64 

1.25 

170 

4 

117.42 

1.13 

200 

4 

104.41 

1.34 

Figure  6:  Local  Sensitivity  Graph 
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Goal-driven  optimization  is  the  most  important  step  in  optimization  procedure.  Here,  you  select  the  objectives  for 
each  parameter  and  their  degree  of  importance.  This  gives  us  the  three  best  suited  candidates  and  rates  them  according  to 
our  objectives  and  importance.  Based  on  the  rates  given  by  ANSYS  appropriate  Candidate  is  selected.  For  this  design  it 
was  at  3.9  mm  thickness  and  190  mm  outer  diameter. 

RESULTS 

Results  obtained  from  analysis  in  ANSYS  for  structural  analysis,  thermal  analysis  and  optimization  are  given 

below: 


Figure  7:  Results  of  Structural  Analysis  (a)  Stress  (b)  Deformation        Figure  8:  Temperature  Distribution 

Figure  7  above  shows  stress  values  on  rotor  on  left  and  deformation  on  right  side.  Figure  8  shows  temperature 
distribution  over  the  rotor  surface  obtained  from  transient  thermal  analysis  of  rotor.  Figure  9  below  shows  the  factor  of 
safety  and  temperature  graph  varying  with  rotor  thickness.  Graph  below  is  obtained  from  optimization  in  ANSYS  using 
goal-driven  optimization.  Temperature  distribution  considering  air  flow  is  shown  in  figure  10. 


Figure  9:  Temperature  and  Safety  Factor  Plot  Figure  10:  Temperature  Distribution  in  CFD 
DISCUSSIONS 

•  Rotor  thickness  and  diameter  varies  strength  and  maximum  temperature  on  rotor  surface  significantly. 

•  There  are  various  possible  combinations  of  rotor  thickness  and  diameters.  In  this  case,  out  of  42  possible 
combinations  rotor  diameter  of  190mm  and  thickness  3.9  mm  is  selected. 


Impact  Factor  (JCC):  5.1066 


Index  Copernicus  Value  (ICV):  3.0 
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•  Temperature  obtained  on  rotor  surface  is  within  permissible  range  to  avoid  brake  fading  effect  and  thermoplastic 
deformation  of  rotor. 

•  Minimum  factor  of  safety  is  kept  more  than  1  but  as  low  as  possible  to  avoid  unnecessary  weight  of  rotor  which 
increases  unsprung  mass  of  vehicle. 
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